Numerical simulations of a type II superconducting wire subject to an ac transport current and oscillating transverse magnetic field are performed using the critical state theory. Time-dependent distributions of the current and the density of magnetic flux, the local power dissipation, and cycles of the magnetic moment are displayed.
In this letter, we consider the synchronous action of an impressed ac transport current I tr (t) directed along the main axis, z-axis, of an infinite type-II superconducting cylinder of radius R and cross section Ω, and a simultaneous transverse magnetic field of flux density B 0 (t) = (0, B y , 0) as sketched in Fig. 1 . Such a configuration may serve as a prototype element of large magnetic coils in which each turn is affected by its neighboring constituents.
This translational invariant, two-dimensional system implies the following complexity. Due to the change with time of the excitations, a sort of free-boundary problem is conventionally solved: variations of the magnetic flux penetrate from the wire's surface, marking off the evolutionary profile of the flux front. Determining such a front, or the core within, is a tough mathematical challenge, which has been met by several approaches before. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] In particular, front-tracking methods are hard to use owing to the intricate dynamics of the flux front, which may even split into multiply connected domains. Here, we follow the most popular trend in the analysis of electromagnetic applications, viz. numerical simulations implementing finite-element techniques. The latter method works without explicit inclusion 
In the quasistatic regime, the discrete form of Faraday's law obtains by a purely spatial variational principle. 15 Thus, upon averaging the electromagnetic field Lagrangian within each interval of time, one ends up minimizing the volume integral of the quantity 2 , coupling successive time layers. 14, 15 Constraints originate from the excitations and from the chosen material law. Eventually, on introducing the vector potential A to represent the density of the magnetic flux, the quantity to be minimized at time t + δt transforms into
where A e z means the (only non-zero) vector potential component related to the applied magnetic field, and M ij denotes the inductance between (unknown) partial currents I i , I j flowing through the filaments i, j. The tilded quantities concerning previous time t.
Computations, with I tr supplied, have been performed resorting to specialized large-scale constrained minimization algorithms described elsewhere. 14 In the numerical analysis, a regular grid of identical filaments, of radius a R, located at positions r i has been assumed. For a sufficiently refined mesh, the current density within each of the filaments will be almost uniform, which allows the magnetic vector potential contribution A i,z due to current flow to be readily assessed. 15 We note that an arbitrary constant may be added to this quantity, leaving the magnetic field created by the filaments unchanged. Its zero choice -safe in the absence of charge transport -entails the selfinductance M ii = µ 0 /8π and mutual inductance M ij = − (µ 0 /2π) ln (d ij /a), with µ 0 the permeability of vacuum and the inter-filamentary distance d ij = |r i − r j |.
Evaluations of the electric field in the presence of current flow may, however, be tampered if the ambiguity of the magnetic vector potential is ignored. Thus, the electric field must generally be expressed as E = −∂ t A − ∇ϕ, including an electrostatic-like term derived from a scalar potential ϕ. For the wire at hand, ∇ϕ should be uniform in space, permitting the 16 Since A z is only determined up to an additive constant for each increment of time, the situation may be tackled by calling upon the displayed expression and progressively resolving C (t) in accordance with the physical condition E z = 0 at those points where magnetic flux does not change.
Simulations have been performed for the triangular oscillating process displayed in Fig. 1 . following paragraphs. Thus, we recall the equation
where
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